The ideal treatment of abdominal aortic aneurysms (AAA) is to operate aneurysms likely to rupture, without exposing other cases to major surgery. The purpose here was to analyse retrospectively the management of AAA in a well-defined geographical region in the 1990's.
INTRODUCTION
The prevalence of nonspecific abdominal aortic aneurysm (AAA) has increased during the last three decades (1, 2). In men aged 65-80 years the prevalence of aneurysms more than 3 cm in diameter has been found to be around 5 % (1, 3, 4, 5, 6, 7). It has also been estimated that without treatment more than 50 % of AAAs will increase in size and rupture (8). If aneurysm ruptures, total mortality is about 80-90 % (7, 9) . About half of the patients that undergo an emergency operation for RAAA survive (7, 9) . If aneurysm is operated electively, postoperative 30-day mortality from all reasons has been around 4-8 % (10, 11, 12) . Further, the risk of rupture is very low in cases of aneurysms smaller than 5 cm (13, 14, 15, 16, 17) . Thus, the risk of death following elective surgery must be weighed against the risk of death due to rupture.
The aim of this study was to establish 1.) the incidence of new referrals for nonruptured AAA in the 1990's; 2.) the results of the current criteria-based elective treatment of AAA in a well-defined geographical area; and 3.) the long term-mortality of AAA patients.
MATERIAL AND METHODS
Pirkanmaa is a region with about 440 000 inhabitants. During the study period, 1990-1998, the number of inhabitants rose from 424 830 to 442053 (4.1 %) and the number of people over 65 years from 60745 to 68870 (13.4 %). The Finnish hospital service is a part of the public health care system. All vascular surgical consultations and operations in this region have taken place in Tampere University Hospital (TAUH) and every patient attendance of the hospital has been registered to the central computerized register with diagnosis and the reason for visit.
All new referrals to a vascular surgeon for asymptomatic AAA in 1990 AAA in , 1992 AAA in , 1994 AAA in , 1996 AAA in and 1998 were sought in the central register of TAUH and one patient had only one entry in the study. Mode of treatment was studied from case records. According to patients identity code (IC) the cause and date of death were obtained from the appropriate registry in Statistics Finland in August 2000. A patient was defined as having AAA if the maximum diameter of the infrarenal aorta exceeded 29 mm. This definition was selected because the size of normal aorta in these patients was not able to determine afterwards and this limit has been accepted to use in AAA studies (18) .
The comparison of AAA-mortality in patients with AAA over 5.0 cm in diameter was made between two subgroups: Group 1) The patients who were intended to treat actively (underwent elective procedure, were under surveillance or were undergoing preoperative examinations); Group 2) The patients who were treated conservatively (refused elective treatment or had too many risk factors to elective procedure). AAA-mortality included in-hospital deaths after elective repair, deaths caused by RAAA, or long-term deaths after aneurysm repair with AAA as the basic cause of death.
The study period ended on 31.08.2000. The mean followup was 65.7 ± 33.6 months (range 21.0-128.6) for the patients alive at the end of the study and 33.7 ± 29.8 months (range 1.0-112.9) for those who died during the follow-up Numbers are expressed as mean ± standard deviation. Differences between means were tested for significance using two-tailed Student's t-test. Comparison of proportions was performed using Pearson's χ 2 test or the odds ratio. Changes with time were evaluated by linear regression analysis. The p values less than 0.05 were considered significant. Long-term mortality compared to normal population was analyzed using standardized incidence ratios (SIR). Between subgroups, the AAA-mortality as well as 5/8-years cumulative mortality was evaluated by using Kaplan-Meier survival analysis. Log rank test was used to compare the Kaplan-Meier curves.
RESULTS
During the study period 200 patients were referred to a vascular surgeon electively because of nonruptured AAA. In six cases ultrasound examination in TAUH revealed no AAA. These patients were excluded from the analysis and 194 patients were included. Age is expressed as mean years + standard deviation (range) Oper % = the proportion of AAA patients that had undergone elective procedure until 8/2000 Alive 8/00 % = the proportion of patients that were alive in the end of the study The annual number of patients increased from 32 in 1990 to 44 in 1998 (p < 0.01). The mean proportion of men was 86.6 % (range 83.3-90.6 %, n.s.). The mean age of patients was 70.7 ± 7.0 (range 36-88) and rose from 69.4 years in 1990 to 73.0 years in 1998 (p = 0.03). Women were three years older on an average than men (73.7 years and 70.2 years respectively, p = 0.04) ( Table 1) .
The incidence of newly referred AAA patients rose from 7.5 to 10.0 per 100 000 inhabitants between the years 1990 and 1998 (33.3 % increase, p = 0.02). The figure for new AAA patients over 65 years increased from 41.2 to 59.5 per 100 000 inhabitants (p < 0.01), respectively ( Figure 1 ).
All patients underwent ultrasound examination for AAA. If the diameter of the aneurysm was less than 4.0 cm, the patient was mostly referred back to public health care with a recommendation for ultrasound follow-up annually and rerefer patient if the diameter of the AAA exceeded 4.5 cm. If the maximum diameter of the AAA was over 4.0 cm, surveillance was continued mostly in the university hospital. Ultrasound examination was performed once a year, but twice when the diameter of the AAA increased over 4.5 cm. CT was undertaken if elective reconstruction was planned and after introduction of the endografting technique (2/1997), also aortogaphy was used routinely. The criteria for elective AAA surgery were: 1) aorta 5.0-5.5 cm or more in diameter (the threshold was 5.0 cm until the year 1997); 2) an expansion rate of the AAA diameter of more than 5 mm per 6 months; 3) symptoms attributable to the existing aneurysm.
The course of treatment is presented in Figure 2 . After initial examination at TAUH, twenty-five patients were referred to a surveillance program outside university hospital. None of these patients was sent back because of a growth of the AAA up to the end of the study. In this group there were no deaths attributable to RAAA. The 5-and 8-year cumulative mortality was 43.2 % and 49.9 % respectively.
One hundred and thirty-four patients continued surveillance in TAUH. One patient died during surveillance with an aortic diameter under the threshold for open reconstruction. The diameter of the AAA had been 4.7 cm in the last ultrasound three months before rupture. The patient did not undergo an emergency operation.
Five patients died during the course of preoperative examinations (CT, pulmonal or cardiac examinations, carotid angiography) or procedure (coronary bypass) before aortic reconstruction. Four of them succumbed to RAAA and one a massive cerebral infarction.
One patient died while waiting for planned aortic reconstruction, the cause being widespread cancer, which had not been yet diagnosed when AAA was established.
By the end of the study 100 (51.5 %) patients had undergone elective AAA reconstruction. The median time from the beginning of surveillance to the elective reconstruction was 6.8 months (range 0.3-128.7). Of this cohort 92 (92.0 %) underwent open reconstruction and 8 (8.0 %) endografting. In-hospital mortality was 7.6 % after open reconstruction; none of the endograft patients died in hospital. The causes of postoperative deaths were acute renal failure (n = 2), MOF with myocardial infarction (n = 2), MOF with pancreatitis (n = 2) and liver necrosis (n = 1). Half of the endograft patients (n = 4) underwent an additional procedure during the follow-up. Two patients died later on with AAA as the basic cause of death (one traditionally operated and one endograft patient). The cumulative 5-and 8-year mortality of electively treated patients was 23.7 % and 35.4 % respectively.
One patient underwent an emergency operation because of abdominal pain with an AAA 4.0 cm in diameter. Six month later he died due to a secondary aortoduodenal fistula. For unknown reasons one patient disappeared from the surveillance program in 1990. He died of RAAA in 1996.
Twelve patients refused surveillance or elective operation and follow-up visits in TAUH were stopped. Their cumulative 5 and 8 years mortality was 45.1 % and 63.4 % respectively. Four of seven deaths were due to RAAA; one underwent an emergency operation and died in the procedure.
Twenty-three patients were unfit for surgery because of high age or too many adjunct diseases for elective AAA repair ( Table 2) . The cumulative 5-and 8-year mortality was 87.0 % and 100.0 % respectively. Five of twenty deaths were due to RAAA.
The total 5-and 8-year mortality was 37.3 % and 50.7 % respectively in the whole study group. The causes of death are presented in Table 3 . The cause of death was related to AAA (i.e. RAAA or related to elective AAA-reconstruction) in 31.7 % of all deaths.
LONG-TERM MORTALITY
The long-term mortality among AAA patients compared to normal population was estimated by using standardized incidence ratio (SIR) in three age groups (Table 4 ). The mortality of men was increased compared to the matched general population in all subgroups except among those over 80 yeas of age.
In men under 65 years and 65-79 years of age, the SIR varied between 29.2-123.0 and 5.8-19.6, respectively. The mortality of women was significantly increased compared to age-adjusted normal population in the middle-age groups.
The comparison of AAA-mortality in two groups of patients with AAA over 5.0 cm in diameter (n = 116) is presented in Figure 3 . Patients that were actively treated (intention to treat = yes) were selected to group 1 (n = 93) and those with conservative treatment (i.e. refused or were unfit for active treat- AAAmo =C ause of death is related to electively operated (n = 9) or ruptured AAA (n = 16) * =I ncludes trauma, Parkinson disese, dementia, endocrinology disease ment) (intention to treat = no) were selected to group 2 (n = 23). The groups were comparable in the diameter of aneurysm at the beginning of follow-up (mean diameter 5.87 cm and 5.96 cm respectively). The proportion of females was lower in the group 1 than in the group 2 (11.8 % and 30.4 % respectively, p = 0.04) and the group 1 was in average 4.4 years younger than group 2 (mean age 70.0 years and 74.3 years respectively, p = 0.001).
DISCUSSION
Accurate incidence data on asymptomatic AAA in the community is sparse and unreliable, because screening and controlling a defined population can only obtain valid incidence estimates. In our study the mean annual incidence of new AAA patients was on average 9.0 per 100 000 inhabitants. This figure surely underestimates the true incidence of AAA, as it is not based on extensive screening of the whole population. Also some small aneurysm might have not referred to university hospital from primary health care sector. Magee and associates studied the incidence of AAA in the Oxford region by methods closely similar to ours. In their study, the annual incidence of elective AAA was approximately 11 per 100 000 inhabitants (19) , which is 20 % more than in our region. The incidence of AAA increases rapidly after the age of 60, with a peak at the age of 74 (7). The age distribution has an influence on the total incidence in the population. Since Magee's group did not report the age distribution in their study, precise comparison cannot be made. In a Danish study the incidence of unruptured AAA was 20.1 per 100 000 inhabitants in 1990 (16) . This is clearly more than in our study. Their data also included operated patients and they were not able to make data linkage with identity codes; thus it seems likely that the same patient was included more than once and for that reason the incidence might have been overestimated. The reported annual AAA incidence varies from 1.2 in women to 117 in men over 55 years of age (16, 19, 20, 21, 22) . Comparison between the studies is difficult because of various age distributions. Also in some studies all aneurysms are included, other studies reports the incidence of nonruptured cases, as does our study. We have collected the reported incidences from previous studies and our study to the Table 5 . The age-adjusted incidence of AAA has increased in the past decades. In 1993 Eickhoff concluded that the incidence of AAA increased steadily by a factor 3.6 from 1977 to 1990 (16) . Reitsma and colleagues (1996) found that in men the age adjusted mortality from AAAs in men rose from 3.1 to 8.1, discharge rates for nonruptured abdominal aortic aneurysms from 3.7 to 37.6 and for ruptured AAAs from 2.4 to 10.3 per 100 000 inhabitants during 1972-1992 in Nederland (2). An improved detection rate through ultrasound is probable a major contributor to this increase, but a part of the increase in incidence is probable real 2, 16). Mostly ultrasound examinations made for other reasons than AAA and growing clinical awareness of the disease has revealed hither to unnoticed AAAs. Our study suggests that the increase in incidence has continued during the 1990's, although not as rapid as between 1970's and 1980's. It is likely that the frequency of ultrasound examinations was more stable in the 1990's than earlier, when the method was new and it used with increasing frequency. This would suggest that the increase in incidence in this study is reliable.
There were 23 (11.9 %) patients at high risk who were considered unsuitable for elective surgery. The prognosis was poor in this group; only three patients were alive at the end of study. Five patients suffered RAAA with lethal outcome and 15 died of other causes. Compared with other series, the proportion of patients at high risk was somewhat smaller (19, 23, 24) . This may indicate a high surgical activity in our institution, which on the other hand may increase the mortality attributable to elective AAA reconstructions. Because some patients are unsuitable for elec-tive treatment due to concomitant diseases or refuse the offered treatment, RAAAs cannot totally be avoided; no matter how complete the diagnostic and surveillance are. Here the proportion of these patients was 18.4 %.
The use of endografts for AAA was initiated in our hospital in February 1997. Operations have been performed mostly under spinal anesthesia; in 2001 endografting was made under local anesthesia for the first time. The in-hospital mortality after endografting has been 1.0 % and there have been no major complications. In our experience, endografting can be safely undertaken with many high-risk patients who are not suitable for open surgery. The decision must always be made individually and it may be unethical to deny endografting in the case of a high-risk patient with large aneurysm despite the fact that most of these patients die due to other causes than RAAA. The high-risk patients are usually elderly, over 80-years of age. The number of elderly people will increase significantly during the next decades both absolutely and as a percentage of the population. This will also increase the incidence of AAA. Several studies have shown that elective surgical repair should not be denied to patients on the grounds of age alone (12, 16, 24, 25) . In the future it is likely that also more octogenarian will undergo AAA reconstruction and the number of patients in need of treatment will probably increase even more than can be expected on basis of the current workload.
In-hospital mortality in elective procedure (open surgery and endografting) for AAA was 7 % in our study. Compared to other studies, the figure is slightly above the average (10, 11, 15, 27) . The results of any operative series depend crucially upon case mix. Published reports cannot be compared directly unless they contain detailed information regarding catchments area and population, selection policies, patients' risk factors, and the proportion and characteristics of patients refused operative repair. The success of elective treatment can also be described by calculating the total AAA-mortality among the patients that were intended to treat, including also RAAA-deaths of those patients who were under surveillance or waited for elective procedure. This is in fact more reliable marker of the success of treatment in a vascular surgical unit as a whole. In our series the cumulative 5/8-year AAA-mortality (i.e. meaning death due to RAAA or related to elective reconstruction) in patients under "intention to treat" (n = 159) was 11.2/12.8 % and for the patients who were "not intended to treat" (n = 35) 37.6/72.6 %. Figure 3 describes the cumulative RAAA-rate of the patients with AAA more than 5.0 cm in diameter in these two subgroups showing benefit of elective AAA treatment in survival. Lederle and colleagues (2002) studied the rupture rate of large (more than 55 mm in diameter) AAAs in patients refusing or unfit for elective aneurysm repair during mean follow-up of 1.5 years. In their study 23 patients got RAAA during the follow-up and calculated cumulative rupture rate at five years was 50 % (28) . These figures are comparable with ours. Our follow-up is longer and the calculated cumulative proportion of rupture reaches 100 % in 6.6 years. Of course the natural course of aneurysm and the rupture rate is affected by the initial size of aneurysms, because the risk of rupture increases rapidly after the maximum diameter exceeds 7 cm (28) .
There have been many reports on the long-term prognosis of patients with AAA. Although several studies have reported that late survival was improved to the level of that in the normal population (29, 30) , most recent investigations agree that the late survival of patients with AAA is inferior to that in the normal population, even if surgery is successful (31, 32) . Of course, after successful reconstruction it is impossible to determine weather the late death is associated with aneurysm repair or not, unless there is not an obvious relationship between aneurysm repair and death (e.g. graft-infection or graft-rupture). In our study the long-term mortality was greater in AAA patients than in the matched normal population, also among patients who had had successful aneurysm reconstruction. The increased mortality was primarily attributable to cardiac deaths. In the oldest age group, the mortality was not increased compared to normal population, probably because the patients with severe co-morbidities have been excluded from elective operation.
This study is based on material collection from computerized register. Miscoding of diagnoses to the register may cause a lack of some patients from our study. Also there is a small private sector in the region and some patients may have been under surveillance outside public health care. Anyway, there is no operative activity in private sector and all procedures are concentrated to TAUH. Due to this, patients are usually sent also from private sector to university hospital at least to one vascular surgical outpatient visit. Because the case records were available only in university hospital, the follow-up of those patients that were sent to surveillance outside TAUH was restricted only to the outpatient visits to the university hospital. On the other hand, we had information on the causes of death of these patients too and thus the information on possible RAAAs, which gave us the crucial information in this study. 41 % of all deaths in this study was based on autopsy and in additional 10 % the cause of death was confirmed by ultrasound, CT or in operation. The Finnish routine mortality statistics have been found to be reasonably good (33, 34) . In 1995 63 % of death certificates was based on examinations in hospital within specialized health care and on the whole nearly 84 % of certificates on hospital examination prior to death (34) . The later proportion rose to 90 % in the 65-74 year age group (34) .
CONCLUSION
The incidence of asymptomatic AAA has continued to grow in 1990's. More than half of AAA patients undergo elective reconstruction. The rupture rate is substantial in patients with large AAA who does not undergo elective repair. The success of the treatment in AAA patients from the first visit to the hospital to elective repair is important to evaluate to find out and repair possible organizational problems, delays or errors in treatment-process.
